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ABSTRACT: 

An electro- static discharge (ESD) protection circuitry 100 comprising a 
gate-capacitor-coupled (GCC) device 120 or 125 and a silicon controlled 
rectifier (SCR) 130 or 135 coupled to an output 101 of an output device 1 16 
or 117 in a sub micron metal oxide semiconductor circuit is disclosed. The 
GCC device 120 or 125 has a lower ESD breakdown voltage than the output 
device 1 16 or 117 , hence, the GCC device 120 or 125 breaks down and 
causes the SCR 130 or 135 to breakdown when a destructive ESD voltage 
impinges on the out put 101 of the output device 116 or 1 17. The SCR 130 
or 135 upon breaking down, discharges the destructive ESD to the power 
supply bus VDD or VSS. 
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(54) Apparatus for electro-static discharge protection in a semiconductor device 



(57) An electro-static discharge (ESD) protection 
circuitry 100 comprising a gate-capacitor-coupled 
(GCC) device 120 or 125 and a silicon controlled recti- 
fier (SCR) 130 or 135 coupled to an output 101 of an 
output device 116 or 117 in a sub micron metal oxide 
semiconductor circuit is disclosed. The GCC device 1 20 
or 125 has a lower ESD breakdown voltage than the 
output device 1 16 or 1 17 , hence, the GCC device 120 
or 125 breaks down and causes the SCR 130 or 135 to 
breakdown when a destructive ESD voltage impinges 
on the out put 101 of the output device 1 16 or 1 17. The 
SCR 130 or 135 upon breaking down, discharges the 
destructive ESD to the power supply bus VDD or VSS. 
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Description 

Field of the Invention 

The invention relates in general to electro-static dis- s 
charge (ESD) protection in a semiconductor device and 
in particular to ESD protection in a metal oxide semicon- 
ductor (MOS) device. 

Background of the Invention 10 

A semiconductor device having inputs and outputs 
for coupling to external circuitry are susceptible to dam- 
age by electro-static discharge (ESD) on the inputs and 
outputs. Conventionally, in a semiconductor device, 75 
ESD protection circuitry is connected between each of 
the inputs and outputs and the power supply bus. When 
a destructive ESD impinges on an input or output of the 
semiconductor device, the ESD protection circuitry con- 
ducts the destructive ESD away from internal circuitry of 20 
the semiconductor device to the power supply bus. 
thereby preventing the destructive ESD on an input or 
output from damaging the semiconductor device. 

Typical ESD protection circuitry in a semiconductor 
device comprises a pair of silicon controlled rectifiers 25 
(SCRs) coupled to each input or output, and to the 
power supply bus in the semiconductor device. When a 
voltage differential greater than the ESD breakdown 
voltage of the SCR occurs between an input or output 
and the power supply bus, one of the SCRs breaks 30 
down and discharges the ESD, therethrough, to the 
power supply bus. For effective ESD protection, the 
ESD breakdown voltage of the SCRs must be lower 
than the ESD breakdown voltage of the input or output 
circuitry in the semiconductor device. This insures that 35 
the SCRs will breakdown before the input or output cir- 
cuitry is damaged by an ESD impinging on the input or 
output. Although conventionally SCRs are used to pro- 
vide effective ESD protection in semiconductor devices, 
due to an inherently high ESD breakdown voltage of 40 
approximately 50V. an SCR cannot provide effective 
ESD protection in sub-micron circuits where the ESD 
breakdown voltage of an input or output device is lower 
than 16V. While ESD protection of inputs of sub-micron 
devices can be implemented with additional circuitry, 45 
often such additional circuitry cannot be implemented 
tor outputs of sub-micron devices. This is because of 
the need for outputs of sub-micron devices to be directly 
connected to external circuitry. 

A circuit that has been developed to provide effec- so 
tive ESD protection in sub-micron devices and allow 
outputs to be directly connected to external circuitry, is 
commonly referred to as the disabled buffer. With a dis- 
abled buffer, the output stage coupled to an output in a 
sub-micron device also provides ESD protection for the 55 
output. However, to provide ESD protection for an input 
of a sub-micron device with a disabled buffer, a circuit 
similar to the output stage is coupled to the input with 
the gates of the output stage coupled to VDD and VSS. 



To enhance the effectiveness of the disabled buffer, a 
capacitor is coupled between each gate of the disabled 
buffer and the input or output of the sub-micron device. 
This circuit configuration utilizing a capacitor at the gate 
is known as Gate-Capacitor-Coupled MOS (GCC 
MOS). The capacitor reduces the ESD breakdown volt- 
age of the output stage, thus ensuring that destructive 
ESD exceeding the ESD breakdown voltage of the out- 
put stage is safely discharged by the GCC. thereby pro- 
tecting the output stage from ESD damage. A 
disadvantage of using the disabled buffer to provide 
ESD protection is the larger area or chip real estate 
required relative to an SCR, to fabricate an output buffer 
which has good ESD performance. 

Hence, there is a need to provide effective ESD 
protection for outputs of sub micron semiconductor 
devices that allows outputs to be directly connected to 
external circuitry, which do not require relatively large 
areas of chip real estate, and which does not require 
additional manufacturing processes to implement when 
fabricating a sub-micron semiconductor device. 

Summary of the Invention 

In carrying out the objects of the present invention in 
one form, there is provided an apparatus for providing 
electro-static discharge (ESD) protection comprising: a 
first device having a first ESD breakdown voltage cou- 
pled to a terminal; and a second device having a second 
ESD breakdown voltage lower than the first ESD break- 
down voltage coupled to the terminal and the first 
device, the second device breaking down when an ESD 
voltage impinging on the terminal is greater than the 
second ESD breakdown voltage, and in response to 
breaking down causing the first device to breakdown 
and discharge the impinging ESD voltage therethrough. 

Brief Description of the Drawing 

The figure illustrates a circuit in accordance with the 
preferred embodiment of the present invention. 

Detailed Description of the Invention 

In the description that follows, references to logic 1 
and 0 will be understood to represent binary logic, and 
the convention of VDD and VSS representing logic 1 
and 0, respectively, while used in the present descrip- 
tion, should not be regarded as a limitation of the 
present invention when an alternate convention for logic 
1 and 0 are applied. 

The figure of the present specification illustrates a 
metal oxide semiconductor (MOS) circuit 100 compris- 
ing an output pad 101 coupled to gate-capacitor-cou- 
pled (GCC) devices 120 and 125, silicon controlled 
rectifier (SCRs) 130 and 135. and an output stage com- 
prising a complimentary pair of metal oxide semicon- 
ductor field effect transistors (MOSFETS) 1 16 and 1 17. 
A first of the complimentary pair of MOSFETS 116 is 
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also coupled to a first voltage potential, commonly 
referred to as VDD or a logic 1 , and a second of the 
complimentary pair of MOSFETS 1 1 7 Is also coupled to 
a second voltage potential lower than the first voltage 
potential, commonly referred to as VSS or logic 0. The 
MOSFET 116 comprises a P-MOSFET or simply a P- 
channel device, and the MOSFET 1 1 7 comprises an N- 
channel device. When the desired output at the pad, or 
output 101 is VDD or a logic 1, then voltages are applied 
to the gates of MOSFET 1 1 6 and 1 1 7 to simultaneously 
turn ON the MOSFET 116 and turn OFF the MOSFET 
117, thereby causing the voltage VDD to appear at the 
pad 101 representing a logic 1. Alternatively, when the 
desired output at the pad 101 is VSS or a logic 0, then 
voltages are applied to the gates of MOSFET 116 and 
1 17 to simultaneously turn OFF the MOSFET 1 16 and 
turn ON the MOSFET 117, thereby causing the voltage 
VSS to appear at the pad 101. Conventionally, the volt- 
ages applied to the gates of the MOSFETS 1 1 6 and 117 
are either VDD or VSS. Typically, the MOSFETS 116 
and 117 each have an electro-static-discharge (ESD) 
breakdown voltage of approximately 16 volts (V). This 
means that when the difference in potential between an 
ESD voltage impinging on the output 101 and VDD is 
greater than 16 V, the MOSFET 116 will breakdown and 
may be damaged. ESD damage in semiconductor 
devices is known in the art and no further elaboration 
will be provide here. Similarly, when the difference in 
potential between an ESD voltage impinging on the out- 
put 101 and VSS is greater than 16 V. the MOSFET 117 
will be damaged. The polarity of the ESD impinging on 
the output 101 relative to VDD and VSS determines 
which of the MOSFETS 1 16 or 1 17 is damaged by the 
ESD. The SCRs 130 and 135 each comprise an SCR 
using conventional layout and architecture as is known 
in the art having an electro-static-discharge (ESD) 
breakdown voltage of approximately 50 V. The SCR 130 
comprises a PNP bipolar transistor 108. a NPN bipolar 
transistor 111 and two resistors 110 and 109. Similarly, 
the SCR 135 comprises a NPN transistor 113, a PNP 
transistor 114, and two resistors 112 and 115. The 
MOSFET 104 is coupled to the base of transistor 111 
and the collector of transistor 108, while the MOSFET 
107 is coupled to the base of transistor 114 and the col- 
lector of transistor 113. The operation of the SCRs 130 
and 135 are similar and while only the operation of the 
SCR 135 will be detailed below, it should be understood 
that the operation of the SCR 130 is the same as the 
operation of the SCR 135 with the necessary reverse in 
polarity. When the MOSFET 107 breaks down, as is 
explained below, a breakdown current flows from the 
output 101 via the emitter and base of transistor 1 14 to 
the MOSFET 107. This current causes the transistor 
1 14 to turn ON, which causes a current to flow through 
the collector of transistor 114 producing a voltage 
across resistor 115. The voltage across resistor 115 
biases the base of transistor 113 to turn ON. When the 
transistor 113 turns ON, a collector current of transistor 
1 13 flows through resistor 1 12 which biases the transis- 



tor 114 to further conduct. Hence, in response to the 
breakdown current or signal, sometimes referred to as a 
trigger, from the MOSFET 107, the transistors 1 13 and 
114 that constitute the SCR 135 mutually bias each 

5 other until a good conductance path from the output 101 
to VSS is provided via the transistors 114 and 115. The 
SCRs 130 or 135 are said to turn ON or breakdown 
when they provide a good conductance path there- 
through. The good conductance path formed by SCR 

to 135 discharges the destructive ESD impinging on the 
output 101 to VSS. Similarly, a good conductance path 
may be formed by the SCR 130 between the output 101 
and VDD to discharge the destructive ESD impinging on 
the output 101 to VDD. Hence, in accordance with the 

75 preferred embodiment of the present invention, the 
SCRs 130 or 135 breaks down and discharges a 
destructive ESD voltage impinging on the output 101 to 
either VDD or VSS, dependent on the polarity of the 
destructive ESD impinging on the output 101, when the 

20 SCRs 130 or 135 receive a trigger signal. 

The gate-capacitor-coupled (GCC) devices 120 
and 125 are coupled to VDD and VSS respectively. In 
addition, the GCC device 120 is coupled to the SCR 
130, and the GCC device 125 is coupled to the SCR 

25 135. The GCC 120 comprises a P-channel MOSFET 
104 having its gate coupled to VDD via a resistor 102 
and coupled via a capacitor 103 to the output 101 . The 
GCC 125 comprises an N-ohannel MOSFET 107 hav- 
ing its gate coupled via a resistor 106 to VSS, and cou- 

30 pled via a capacitor 105 to the output 101 . Although the 
ESD breakdown voltage of the MOSFET 104 is sub- 
stantially similar to the ESD breakdown voltage of the 
output MOSFET 116, the combination of the resistor 
102 and the capacitor 103 tower the ESD breakdown 

35 voltage of the MOSFET 104, as described below. 
Hence, the MOSFET 104 breaks down at a lower ESD 
voltage than the MOSFET 116, and provides a trigger 
signal to the SCR 130 causing the SCR 130 to break- 
down and discharge the ESD impinging on the output 

40 101 to VDD. Hence, a GCC device breaks down at a 
lower ESD voltage than an output device, and advanta- 
geously causes an SCR to breakdown at the lower ESD 
voltage, thereby protecting the output device from dam- 
age by a destructive ESD. 

45 When a destructive ESD voltage which is positive 
relative to VSS impinges upon the output 101 , a voltage 
which is positive relative to VSS develops at the gate of 
the MOSFET 107 through the capacitor 105. The volt- 
age developed at the gate of the MOSFET 107 biases 

50 the MOSFET 107 to breakdown. When the MOSFET 
107 breaks down, a breakdown current flows from the 
output 101 via the emitter of the transistor 114 and 
MOSFET 107 to VSS. This breakdown current triggers 
the SCR 135 to turn breakdown, thus forming a good 

ss conductance path through the transistors 114 and 115 
which discharges the destructive ESD impinging on the 
output 101 to VSS. When a destructive ESD voltage 
which is negative relative to VDD impinges upon the 
output 101, a voltage which is negative relative to VDD 
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develops at the gate of MOSFET 104 through the 
capacitor 103. The voltage developed at the gate of the 
MOSFET 104 biases the MOSFET 104 to breakdown. 
When the MOSFET 104 breaks down, a breakdown 
current flows from VDD via the MOSFET 1 04 and resis- 5 2. 
tor 109 to VSS. The breakdown current triggers the 
SCR 135 to breakdown, thus forming a good conduct- 
ance path through the transistors 110 and 111 of the 3. 
SCR 135 which discharges the ESD impinging on the 
output 101 to VDD. 10 

In accordance with the present invention, a GCC 4. 
device may be utilised to trigger a SCR device to pro- 
vide effective ESD protection for inputs and outputs in a 
sub micron semiconductor device. This is achieved by 
combining the lower ESD breakdown characteristic of 15 5. 
the GCC device with the ability of the SCR to provide a 
good conductance path for ESD. Thus, with a GCC 
breaking down at a lower ESD voltage than an output 
stage in a sub micron semiconductor device, and the 
GCC triggering an SCR with the breakdown current, the 20 
present invention advantageously provides effective 
ESD protection for the output stage in the sub micron 6. 
semiconductor device. In addition, as the present inven- 
tion utilises conventional GCC and SCR devices, thus 
no additional processes are required when fabricating a 2s 
sub micron semiconductor device which employs the 7. 
present invention to provide effective ESD protection. 

Hence, the present invention provides effective 
ESD protection for outputs of sub micron semiconductor 
devices that allows the outputs to be directly connected 30 
to external circuitry. In addition the present invention 
does not require relatively large areas of chip real 
estate, and does not require additional manufacturing 
processes to implement in a sub-micron semiconductor 
device. 35 

Claims 



to breakdown and discharge the ESD voltage 
impinging on the terminal therethrough to the 
power supply. 

The sub-micron circuit of claim 1 wherein the first 
circuit comprises an output stage. „ 

The sub-micron circuit of claim 1 or 2 wherein the 
first circuit comprises an input stage. 

The sub-micron circuit of any preceding claim 
wherein the second device comprises a gate- 
capacitor-coupled (GCC) device. 

The sub-micron circuit of claim 4 wherein the GCC 
device comprises a metal oxide semiconductor field 
effect transistor (MOSFET) coupled via a resistor to 
the common electrical potential, and coupled via a 
capacitor to the terminal, and coupled to the first 
device. 

The sub-micron circuit of any preceding claim 
wherein the first device comprises a silicon control- 
led rectifier (SCR). 

An apparatus for ESD protection in a sub micron 
device, wherein the sub micron device comprises at 
least one output circuit coupled to a terminal, and 
wherein the at least one output circuit comprises a 
complimentary pair of MOSFETS coupled to the 
terminal, and wherein a first of the pair of MOS- 
FETS having an ESD breakdown voltage is coupled 
to a first voltage potential, and wherein a second of 
the pair of MOSFETS having the ESD breakdown 
voltage of the first of the pair of MOSFETS is cou- 
pled to a second voltage potential lower than the 
first voltage potential, the apparatus comprising: 



1. A sub-micron metal oxide semiconductor (MOS) 
circuit comprising: 40 

a first circuit having a first electro- static dis- 
charge (ESD) breakdown voltage coupled to a 
terminal and a power supply; 

45 

a first device having a second ESD breakdown 
voltage greater than the first ESD breakdown 
voltage coupled to the terminal and the power 
supply for discharging an ESD voltage imping- 
ing on the terminal to the power supply; and so 

a second device having a third ESD breakdown 
voltage less than the first ESD breakdown volt- 
age coupled to the terminal, the power supply 
and the first device for breaking down when the 55 
ESD voltage impinging on the terminal 
exceeds the third ESD breakdown voltage, in 
response to breaking down providing an output 
signal to the first device causing the first device 



a first SCR having a first ESD breakdown volt- 
age coupled to the terminal and the first voltage 
potential for discharging an ESD impinging on 
the terminal to the first voltage potential; 

a second SCR having the first ESD breakdown 
voltage coupled to the terminal and the second 
voltage potential for discharging the ESD 
impinging on the terminal to the second voltage 
potential; 

a first GCC device having a second ESD break- 
down voltage lower than the ESD breakdown 
voltage of the first of the pair of MOSFETS cou- 
pled to the terminal, the first voltage potential 
and the first SCR for breaking down when the 
difference in potential between the ESD 
impinging on the terminal and the first voltage 
potential exceeds the second ESD breakdown 
voltage, in response to breaking down provid- 
ing an output signal to the first SCR causing the 
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first SCR to breakdown and discharge the ESD 
impinging on the terminal to the first voltage 
potential; and 

a second GCC device having the second ESD s 
breakdown voltage lower than the ESD break- 
down voltage of the second of the pair of MOS- 
FETS coupled to the terminal, the second 
voltage potential and the second SCR for 
breaking down when the difference in potential io 
between the ESD impinging on the terminal 
and the second voltage potential exceeds the 
second ESD breakdown voltage, in response 
to breaking down providing an output signal to 
the second SCR causing the second SCR to is 
breakdown and discharge the ESD impinging 
on the terminal to the second voltage potential. 
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